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• Introduction of DLR/ZLP 
• Air-coupled ultrasonic testing @ ZLP  
• Transmission measurement 
• Single-sided inspection by using Lamb waves 
• Doctoral thesis project: Development of the Adaptive End-Effector 
• Physics of Lamb waves 
• MATLAB-demonstration: Calculation of dispersion diagrams for Lamb waves 
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Air-coupled- vs water-coupled ultrasonic testing 
Water as couplant: 
• Well-proven standard method 
• Higher resolution due to shorter wavelengths 
• Pulse-echo-technique is possible 
 
Air as couplant: 
• Integration into production line possible 
• No infrastructure needed like immersion tanks,  
   tubes, water conditioning etc. 
• Robots and electrical equipment are not affected  
   by moisture 
• No water can infiltrate the CFRP-components or cause corrosion  
• Contact pressure and flow rate of coupling medium are non-relevant 
• CFRP-components with a high amount of porosity can be inspected, where water-coupled ultrasound gets 
scattered due its shorter wavelengths   
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High resolution inspection of reference plate in transmission (NTM) 
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Evaluation of ultrasonic data   
• Performed in MATLAB® 
• Export of flaw list 
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Glare with artificial flaws: 
Transmission with 570kHz 
transducers 
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28.1.14: First inspection of a flat plate with artificial 
flaws at the DLR/ZLP by using Lamb waves (FSRM) 
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FSRM vs NTM  
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Non-destructive testing on CFRP components through Lamb waves 
excited by air-coupled ultrasound (ACUT) 
• Single-sided NDT possible by excitation of 
Lamb waves 
• Evaluation of amplitude, time-of-flight, 
magnitude and phase of Fourier transform 
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August 2014: Inspection of Versuchsträger from MT-Aerospace/Augsburg 
(1,4*2,1m) 
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Excitation of Lamb waves 
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In order to excite Lamb waves, the excitation 
angle must be adjusted according to Snell‘s 
law of refraction: 

Sender Receiver 
problem:            unknown pLambc
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pLambc depends on layup stiffness and thickness 
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Adaptive end effector 
• LBR robot mounted on KUKA KR 270  
• Synchronized control 
• Calculation of an excitation angle map via MATLAB® 
„Dispersion Calculator V2“ 
• Inline adjustment of the excitation angle according  
to the excitation angle map  
• Consistent excitation of Lamb waves 
    improved quality of C-scans 
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Calculation of Lamb wave dispersion curves with Disperse® software 
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Problems with Disperse® 
• Automatic computation of many layups for 
excitation angle map EAM impossible 
• Impossible to integrate into the software chain 
for the Adaptive End Effektor (import of 
layups, export of EAM) 
• Excessive dropdown menu clicking 
• No optimization for the intended task possible 
• Only 32 (64) layers can be calculated but 
rocket booster casings can have in excess 
of 300 layers!  
• No grouping of layers possible since 
o 102 to 105 layups have to be computed 
o layups of rocket boosters are highly 
complicated/irregular 
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Own programming of DispersionCalculator in MATLAB® 
 
V1/V1a for single-layered, isotropic media 
 
V2:  
• Computation and plot of dispersion diagrams and more of 
multilayered, orthotropic media 
V2a: 
• Import of layups (xi, yi, zi, layer thicknessesij, winding 
anglesij) from  Composicad-lookup-tables 
• Computation of excitation angles for the A0-Lamb wave 
mode at certain frequencies for many layups 
• Export of EAM (xi, yi, zi, excitation anglei) 
 
  
The physics of Lamb waves in anisotropic media part 1/2  
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A Lamb wave is a superposition of  
longitudinal and shear bulk waves 
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Snell‘s law of refraction: 
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The physics of Lamb waves in  
anisotropic media part 2/2  
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S. I. Rokhlin, L. Wang, "Stable recursive algorithm 
for elastic wave propagation in layered anistropic 
media: Stiffness matrix method", J. Acoust. Soc. 
Am., Vol. 112, No.3, Pt. 1, 822-834, Sep. 2002. 
Condition for free waves:  * σ𝑖𝑗 , σ𝑖𝑗 = 0 
Non-trivial solution if det 𝐾 = 0 
(𝑢1, 𝑢2 , 𝑢3 ) =  (1, 𝑉𝑞,𝑊𝑞 )𝑈1𝑞e
i𝑘(𝑥1+α𝑞𝑥3−𝑣𝑡)
6
𝑞=1
 
Stress/displacement field quantities at the top… σ𝑖𝑗/𝑢𝑖 σ𝑖𝑗/𝑢𝑖 ** …at the bottom of the plate 
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(σ33, σ13 , σ23 ) =  i𝑘(𝐷1𝑞, 𝐷2𝑞𝐷3𝑞)𝑈1𝑞e
i𝑘(𝑥1+α𝑞𝑥3−𝑣𝑡)
6
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